INTRODUCTION
============

In the field of hepatobiliary pancreatic surgery, an understanding of the anatomical variations of the branching of bile duct is an essential factor for the surgical procedure. Recent technical advancement of various types of hepatectomy, such as laparoscopic hepatectomy and donor hepatectomy for living donor liver transplantation (LDLT), has increased the number of surgical plans that can be made only after surgeons have achieved a complete understanding of the branching of the bile duct.[@B1][@B2][@B3]

There are some cases in which the anatomical variations of bile duct cannot be accurately confirmed because of a limited accessibility and an inability to palpate. Patients who underwent laparoscopic cholecystectomy might experience unexpected injury to the bile duct.[@B4][@B5] Once injury of the bile duct occurs, it is not only a matter of course that the surgery should be converted to laparotomy, but the occurrence of complications is increased. This may lead to death in severe cases.[@B5] On a preoperative basis, various methods have been attempted to minimize injury to the bile duct. A magnetic resonance cholangiopancreatography (MRCP) is a non-invasive imaging modality that is useful in evaluating the anatomical variations of the bile duct system. Recently, the use of MCRP has increased.[@B3][@B6][@B7]

At our institution, a preoperative MRCP is the increasingly preferred method for laparoscopic cholecystectomy. Given the above-mentioned backgrounds, we performed a retrospective analysis of the preoperative MRCP in patients who underwent laparoscopic cholecystectomy. Thus, we classified and then analyzed the anatomical variations of the bile duct. In addition, according to the results of the above analysis, we examined whether the difference in surgical outcomes and the anatomical variations of the bile duct was associated.

METHODS
=======

The current retrospective study was conducted in 277 patients who underwent laparoscopic cholecystectomy following a preoperative MRCP at Kangdong Sacred Heart Hospital of Hallym University during a 2-year period from January of 2009 to December of 2010. In the current study, exclusion criteria include patients who underwent laparoscopic cholecystectomy without a preoperative MRCP and those who underwent a planned open cholecystectomy initially because of the gallbladder cancer, the stone in the common bile duct or other reasons. However, we enrolled patients with a stone in the common bile duct who had a complete removal of the stone in the common bile duct following the use of endoscopic retrograde cholangiopancreatography (ERCP) and then underwent a laparoscopic cholecystectomy. A surgical procedure was performed under the supervision of two hepatobiliary surgeons or trainees.

MRCP scans were obtained using a 1.5-T superconductive MRI system (Philips Medical systems, Intera, The Netherlands). With the use of single-shot fast spin echo (SSFSE), transverse and coronal source images were obtained. With the use of 3-dimensional turbo spin-echo (3DTSE), coronal source images were obtained. With the use of maximal intensity projection (MIP), 3-dimensional images were obtained.

The types of bile duct on MRCP were classified according to the Couinaud classification system,[@B8][@B9] which was done by the radiologist and the hepatobiliary surgeon. Unless there was a concordance between them, the determination was made based on the surgical findings as follows:

Type A: Typical anatomy of the confluence

Type B: Triple confluence

Type C: Ectopic drainage of a right sectoral duct into the common hepatic duct

Type D: Ectopic drainage of a right sectoral duct into the left hepatic ductal system

Type E: Absence of the hepatic confluence

Type F: Ectopic drainage of the right posterior duct into the cystic duct

Schematic illustrations and MRCP findings, corresponding to the representative cases of each type, are shown in [Fig. 1](#F1){ref-type="fig"}. Because there were few patients who could be classified into Type E in the current study, these images could not be obtained.

According to the Couinaud classification system, Types C, D and E have their own subtypes based on the types of secondary branching of the bile duct. However, it is not possible to determine these subtypes if there is a lack of the accurate follow-up on each pathway. In addition, it is difficult to confirm the pathway of the intrahepatic bile duct, and there is a limitation in the resolution of MRCP.

We have hypothesized that patients are at increased risks for injury to the bile duct because of the extrahepatic branching of bile duct among the abnormal branches of a bile duct during the laparoscopic cholecystectomy. Therefore, we classified Types A, B, D and E, where there are no increased risks during the cholecystectomy because of the intrahepatic branching, into a low-risk group of patients. The remaining Types C and F were classified into a high-risk group of patients. After this classification, the data underwent statistical analysis.

To examine the effects of the anatomical variations of the bile duct on laparoscopic cholecystectomy and the relevant clinical course, we performed an analysis on the following factors: patient age, sex, operation time, histopathological findings, the concurrent presence of the stone in the bile duct, the conversion to laparotomy, an intraoperative injury to the bile duct, operators, and length of postoperative hospital stay.

Statistical analysis was performed using SPSS (version 13.0). Mean values of the continuous variables were analyzed using an independent student\'s t-test and a Mann-Whitney U-test. In addition, a cross-tabulation analysis of the non-continuous variables was performed using a Pearson\'s Chi-square test and a Fisher\'s exact test. A *p*-value of \<0.05 was considered statistically significant.

RESULTS
=======

Clinical characteristics and variables in our clinical series of patients were summarized in [Table 1](#T1){ref-type="table"}. Mean age of the patients was 54.6±15.6 years (range: 16-89) and the male-to-female ratio was 1 : 1.18. In regard to the types of anatomical variants of the bile duct, there were types A (70.4%), B (8.7%), C (19.5%), D (0.7%) and F (0.7%). Type E was not found in the current study.

On an intraoperative basis, a conversion to laparotomy was performed in 14 cases (5.1%). Of these, 4 cases (1.4%) underwent a conversion laparotomy due to injury to the bile duct. In other cases, a conversion to laparotomy was determined based on the judgment of operators due to the presence of severe inflammation, uncontrolled bleeding, and unexpected malignancy, etc.

The postoperative complications were defined as cases in which the medical or surgical treatments were required because of the unexpected situations that occurred while patients achieved a recovery. These complications, including injury to the bile duct, occurred in 18 cases (6.5%). There were no mortality cases as a result of surgery. In our series, the mean overall operation time was 118±52.18 minutes (range: 35-365) and a mean length of postoperative hospital stay was 4.54±2.65 days (range: 1-21). For cases in which there was no conversion to laparotomy, the mean operation time was 111±42 minutes (range: 35-315). In cases of no complications, a mean length of postoperative hospital stay was 4.03±1.67 days (range: 1-12).

Based on the types of the bile duct anatomy on MRCP scans, patients were classified into 2 groups: a high-risk group of patients for injury to the bile duct during laparoscopic cholecystectomy (n=56) and a low-risk group of patients (n=221).

A comparison of the preoperative and postoperative outcomes was made between the 2 groups, whose results are represented in [Table 2](#T2){ref-type="table"}. There was no difference according to sex, age, the degree of conversion to laparotomy, the preoperative presence of the stone in the bile duct, the presence of acute cholecystitis, operators, operation time, and a length of hospital stay between the 2 groups. In a high risk group of patients, however, injury to the bile duct occurred at a higher incidence, which was statistically significant. Following an analysis of risks for injury to the bile duct, the odds ratio (OR) was 11.9 and the confidence interval was 1.2-116.5. These results indicate an increase in risks for injury to the bile duct in the group where there was a branching of the extrahepatic bile duct on MRCP.

As mentioned earlier, there were 4 cases of injury to the bile duct during surgery. The injury to the bile duct was recognized intraoperatively in all patients. As the types of injury to the bile duct, there was one case of a partial perforation to the common bile duct and 3 cases in which the aberrant branches of the bile duct were confused with cystic duct or blood vessels and then dissected. In these cases, the types of bile duct included type A (1 case), type C (2 cases) and type F (1 case). In patients with injury to the common bile duct, the treatment was done with the insertion of T-tube and the primary closure for the sites of injury. In 2 cases of type C injury to the bile duct, the treatment was done with the insertion of stent and an end-to-end anastomosis at the sites of dissection. In cases of type F injury to the bile duct, the treatment was done with a hepaticojejunal Roux-en Y anastomosis. In one case of type C injury to the bile duct, there was an episode of re-admission due to cholangitis. In our clinical series of patients, there were no serious problems associated with surgery during a mean follow-up period of 12.2 months (range: 9-20) ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The incidence in variations of confluence in the bile duct in the hepatic hilum has been reported in 30-45%,[@B10][@B11] these variations should be treated cautiously in the dissection and reconstruction of bile duct during hepatectomy.[@B9] In particular, with the recent activation of LDLT, it has become essential to recognize variations of the sites of confluence of bile duct.

If variations of the bile duct would not be confirmed or would be overlooked prior to surgery, this would lead to the occurrence of bile duct complications in both recipients and donors. Variations of the bile duct would be essential for the screening of donors and the selection of methods of hepatectomy.[@B12][@B13] Therefore, it has become very important to understand variations of biliary structure in the surgical management of LDLT. As a preoperative work-up for LDLT based on MRCP scans, the identification of variations of the bile duct and their clinical significance have been actively examined.[@B12][@B14]

However, an insufficient number of studies have been conducted to examine whether variations in the confluence of bile duct on MRCP scans affect the outcomes and the course of laparoscopic cholecystectomy and whether this would increase risks for injury to the bile duct. In general, as factors that affect injury to the bile duct during laparoscopic cholecystectomy, there is the experience of the operator, the local status including inflammations at the surgical sites, the anatomical variation of the structure and the injury caused by laparoscopic instruments.[@B15][@B16][@B17] With experienced operators, the incidence of injury to the bile duct has been reported to be less than 1%.[@B18][@B19] Besides, it has also been reported that the anatomical variation of bile duct, as well as the technical expertise of operators would be an essential factor for the occurrence of injury to the bile duct.[@B19][@B20]

Given this background, we attempted to examine the correlations between the frequency and types of the aberrant branching of bile duct and injury to the bile duct during laparoscopic cholecystectomy. In regard to the classification of the variations of bile duct confluence, we have speculated that the Couinaud classification rather than Huang et al.[@B21] or Ohkubo et al.[@B22] classification were considered from the aspect of LDLT would be more rational during cholecystectomy. According to the Couinaud classification system, there were types A (57%), C (20%), B (12%), D (6%), E (3%) and F (2%) in decreasing order of the frequency.[@B8][@B9] In the current study, on a similar level of these frequencies, there were types A (70.4%), C (19.5%), B (8.7%), D (0.7%) and F (0.7%) in a decreasing order of frequency. In the current study, however, the classification was made based on the interpretation of MRCP findings rather than an analysis of the actual anatomical structure. In particular, because it is not easy to make a differentiation between the Types C and D from a radiological perspective, it is probable that there might be errors. This might be one of the limitations of the current study.

Based on preoperative MRCP findings, in the group where the pathway of bile duct was abnormal, in particular in case of an extrahepatic branching, the aberrant bile duct was confused with the cystic duct and the cystic artery. From an anatomical perspective, there is a close proximity to the cystic duct. Therefore, it be expected that the degree of risks for injury to bile duct during laparoscopic cholecystectomy would be relatively higher unless special attention is paid. Types C and F based on the Couinaud classification system have been classified as risk groups. Although there is no consensus regarding the classification into these risk groups between the authors, there are reports that the degree of surgical procedure may vary depending on the pattern of the confluence of cystic duct with the common bile duct during laparoscopic cholecystectomy.[@B23] Furthermore, it has also been reported that the degree of injury risk to the bile duct during laparoscopic cholecystectomy was increased by 3.2-8.4 times when there was an aberrant extrahepatic pathway of bile duct.[@B24][@B25]

As shown in the current results, of the possible factors that might affect injury to the bile duct, there were no statistical differences in the operators, the severity of local inflammation and the factors associated with patients between the 2 groups. It was therefore shown that variations in the branching of the bile duct were the key risk factors for injury to the bile duct. In addition, in cases of injury to the bile duct, it would also be mandatory to take appropriate treatment. In association with this, it has been reported that a prognosis would vary depending on the intraoperative identification and the surgical treatment methods.[@B26][@B27][@B28]

In our clinical series of patients, there were 4 cases of injury to the bile duct. Because these cases were identified intraoperatively, appropriate treatment was performed following the conversion to laparotomy. Fortunately, there were no long-term complications. Because of a smaller size in the reconstruction of injury to the branches of bile duct rather than the common bile duct, there were disadvantages in the difficulty of surgical technique and the operation time. From this perspective, the degree of risks for injury to the bile duct was increased in the high risk groups. In addition, there were also disadvantages in the prevention of complications following the onset of injury to the bile duct.

To summarize, the anatomical abnormalities of the bile duct confluence during laparoscopic cholecystectomy should be treated as important from a clinical perspective. Besides, the proportion of types that did not correspond to the traditional type (type A) of the branching of the bile duct was approximate to 30%. In specific types (types C and F), the degree of risks for injury to the bile duct was very high. It can therefore be inferred that special attention should be paid for the prevention of injury to the bile duct during laparoscopic cholecystectomy in cases in which any abnormalities of the pathway of bile duct are suspected on a preoperative work-up.

There were some limitations of this study, actually MRCP was not applied for identification for bile duct anatomy like LDLT donor, but for suspicion of common bile duct stone, biliary pancreatitis and abnormal liver function test in gall stone disease. Generally, the high-cost of MRCP is not accepted as a routine examination for gallstone disease and its usefulness is controversial. We do not insist on routine application of MRCP for laparoscopic cholecystectomy. However, many of our patients revealed a tendency to widely indicate for MRCP, according to physician preference.

In the early period of study, we did not pay sufficient attention to classify the type of bile duct and analysis of MRCP was done in post-factum at the end period. Therefore, we could not perform an analysis of the clinical effectiveness of MRCP scans and whether the preoperative identification of the variations of bile duct would reduce risks for injury to the bile duct during operation. We suggest that large-scale prospective control study should be needed.
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###### Clinical characteristics of patients that underwent laparoscopic cholecystectomy
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###### Perioperative overall outcomes of laparoscopic cholecystectomy between the low- and high-risk groups
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###### The case of bile duct injuries associated with laparoscopic cholecystectomy
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